Introduction
consideration when selecting the L-lactic acid producing microorganism. The use of thermotolerant Bacillus licheniformis has been reported for L-lactic acid production from kitchen waste under open condition (Sakai and Yamanami, 2006) and B.
licheniformis fermented glucose for lactic acid production in a mineral salts medium (Wang et al., 2011) . The use of thermotolerant microorganisms such as L-Lactic acid fermentation by thermotolerant microorganisms such as B. licheniformis for L-lactic acid fermentation can reduce the cooling water requirement of the fermentation process, particularly in tropical countries like Indonesia, where the average temperature is usually high throughout the year. We have focused on banana peel as an unutilized biomass substrate for L-lactic acid fermentation. There have been no reports on L-lactic acid production from banana peel using B. licheniformis. Prior to this study, we isolated eight strains of B. licheniforms on medium with xylan as the sole carbon source at 50℃. The utility of these isolates as L-lactic acid producers was examined and one strain (YN15) was selected for multiple parallel fermentation (MPF).
The present study investigated the optimization of L-lactic acid production from banana peel as an unutilized biomass substrate by MPF with B. licheniformis YN15 and Aspergillus awamori NBRC 4388, a koji mold used in Japanese spirit brewing. Cultivation of fungi The growth medium was composed of 1% banana peel, 0.25% potassium dihydrogen phosphate, 0.1% yeast extract, 0.035% magnesium sulfate heptahydrate, 0.035% urea, 0.1% Tween 80, 0.005% ferrous sulfate heptahydrate, 0.001% manganese (II) sulfate, and 0.1% sodium chloride. The initial pH was adjusted to 5.6. A total of 5 mL of inoculum and 3% of calcium carbonate was transferred to a 100-mL Erlenmeyer flask containing 50 mL of medium. Cultivation was carried out in flask cultures at 30℃ with a rotary shaker at 120 rpm.
Materials and Methods

Microorganisms
Cultivation of lactic acid producing bacteria MRS medium was used for cultivation of lactic acid bacteria (for Lactobacillus sp. and Lactococcus sp.) (Coelho et al., 2011) . MRS composition was as follows: 1.5% poly peptone, 0.5% yeast extract, 1.0% beef extract, 2.0% glucose, 0.7% sodium acetate, 0.3% diammonium hydrogen citrate, 0.4% potassium dihydrogen phosphate, 0.02% magnesium sulfate heptahydrate, and 0.004% manganese (II) sulfate. The initial pH was adjusted to 6.3 (pH optimum 6.0 _ 6.5).
Medium for B. licheniformis (MBL) was as follows: 0.5% poly peptone, 2.0% glucose, 0.05% potassium dihydrogen phosphate, Before the banana peel could be utilized, it was cut into small 5-to 8-cm pieces using a stainless steel knife. The banana peel was then soaked in 1% sodium thiosulfate solution for 5 h at 30℃ to inhibit the oxidation processes, thus preventing browning and obtaining a better banana peel texture for use in lactic acid production (unpublished data), followed by a drying process in a hot air oven.
The small dried pieces of banana peel were collected by sieving with a < 1 mm mesh net. In a preliminary experiment, the effect of pretreatment of biomass substrates on lactic acid production was examined. Lactic acid production using banana peel with pretreatment was higher than that using banana peel without pretreatment (unpublished data). awamori culture) and 1% of calcium carbonate was transferred to a 300-mL Erlenmeyer flask containing 200 mL of medium at 30℃ in an incubator with shaking at 120 rpm. MPF was performed at 37℃
in an incubator with gentle shaking at 100 rpm after inoculation (10 mL) of B. licheniformis YN15 to allow for homogeneous mixing of the medium and inoculum.
Analytical methods Reducing sugar was measured by the Somogyi-Nelson method (Somogyi, 1952) . The protein concentration was determined using Lowry's method with bovine serum albumin as the standard (Lowry et al., 1951) or by monitoring the optical density at 280 nm. The activities of xylanase, pectinase, amylase, β-glucosidase, and endoglucanases in the culture medium containing banana peel as the biomass substrate were determined as below.
Crude enzyme preparation (100 µL) was incubated in the presence of substrate (1% w/v) (beechwood xylan for xylanase, citrus pectin for pectinase, starch for amylase, salicin for β-glucosidase, carboxy methyl cellulose for endoglucanase) in 50 mM acetate buffer, pH 5.0 (1.0 mL of reaction mixture).
The amount of reducing sugars was determined by the Taguchi experimental design The optimal MPF conditions for production of L-lactic acid were described using the Taguchi method (Ravella et al., 2008; Taguchi, 1987) , in which variables or factors were arranged in an orthogonal array (OA). All calculations and analyses were performed using Qualitek-4 software i) for automatic design and analysis of Taguchi experiments. The L8 OA layout and factor levels are presented in Tables 1 and 2, respectively. The signal-to-noise ratio (S/N Ratio) shows the extent of all factor effects. This approach introduces the S/N ratio to examine the influence of the noise factor on variation. For the S/N ratio, characteristic types defined by LTB (Larger The Better) (Ravella et al., 2008) . 
L-Lactic acid production from banana peel by MPF
The carbon source noticeably affected L-lactic acid production in MPF.
The effect, variance, and contribution of each selected factor were assessed by analysis of variance (ANOVA) ( Table 3 ). The calculated F-ratio suggested that all parameters were significant within 95% confidence intervals. The concentration of banana peel was paramount for MPF and optimal L-lactic acid production. The contribution of banana peel to L-lactic acid production was 55.84%, and was supported by other factors such as yeast extract (12.34%), Tween 80 (11.41%), ammonium sulfate (11.37%), magnesium sulfate heptahydrate (8.80%), potassium dihydrogen phosphate (0.17%), and sodium chloride (0.03%). The result indicates that the carbon source concentration is the most important factor in determining optimal L-lactic acid production.
Thus, utilization of banana peel as a carbon source has great potential for L-lactic acid production. Notably, each factor contributes differently to L-lactic acid production; for example, sodium chloride showed minor contribution to production.
The optimization process revealed that L-lactic acid production (28.01 g/L) from banana peel as biomass substrate by MPF for 48 h at 37℃ was most efficient with 10% banana peel, 0.5% potassium dihydrogen phosphate, 0.05% Tween 80, 0.1% magnesium sulfate heptahydrate, 0.1% sodium chloride, 1.5% yeast extract, and 0.2% ammonium sulfate after saccharification of biomass substrates by A.
awamori for 36 h (Table 4) . D-Lactic acid was mostly undetected (below 0.01% of L-lactic acid); the optical purity of L-lactic acid in MPF using banana peel was calculated to be 99.99%.
The activities of main polysaccharide-lytic enzymes in MPF
using banana peel substrate Figure 1 shows the time course of polysaccharide-lytic enzyme activities and L-lactic acid production in MPF. The enzymes produced are thought to be involved in the degradation of constituent polysaccharides of banana peel. In MPF, the carbon sources utilized by B. licheniformis for L-lactic acid fermentation are made available from banana peel by these enzymes, which are produced by A. awamori. Thus, this enzymatic treatment is thought to affect the production of L-lactic acid by B.
licheniformis. During hydrolytic processing with banana peel as All calculations and analysis were performed using Qualitek-4 software for automatic design.
the carbon source, β-glucosidase showed the highest enzyme activity at 36 h, followed by amylase, xylanase, endoglucanase, and then pectinase. β-Glucosidase, endoglucanase, and amylase activity decreased on the first day after inoculation with B.
licheniformis, whereas xylanase activity increased and then decreased on the following day. B. licheniformis YN15 produced the highest L-lactic acid for 2 d (Fig. 1) . At 3 d, α-amylase activity re-increased. In this case, it is proposed that α-amylase is produced by B. licheniformis. It has been reported that B. licheniformis can produce high levels of α-amylase activity using some of the substrate by submerged fermentation (Chandran et al., 2011) .
It is known that B. licheniformis produces polysaccharide-lytic enzymes such as those described above (Seo et al., 2014) . In a preliminary experiment, L-lactic acid production only using B.
licheniformis YN15 was investigated. However minimal L-lactic acid was produced without saccharification of banana peel by A.
awamori. (unpublished data). Therefore, we concluded that MPF with both B. licheniformis and A. awamori was necessary for the effective production of L-lactic acid. Banana peel is a potential carbon source for the production of β-glucosidase, amylase and xylanase from A. awamori NBRC 4388. Table 5 shows examples of L-lactic acid production from unutilized biomass using L-lactic acid producing microorganisms.
L-Lactic acid production from banana peel by MPF with B.
licheniformis and A. awamori was compared with those of Acremonium cellulose and Rhizopus sp. using corncob in an SSF process, and Lactobacillus rhamnosus CECT-288 using apple pomace in a batch fermentation process. Even though L-lactic acid production from banana peel by MPF show room for improvemented, our study indicated that banana peel biomass has high potential for L-lactic acid production using B. licheniformis and A. awamori in combination.
As described in Table 5 , sugar cane bagasse hemicellulose, hydrolyzed by dilute sulfuric acid was used for high lactic acid production (Patel et al., 2004) . Acid pretreatment of biomass is not expensive because acids such as sulfuric acid or hydrochloric acid employed are low cost. However, the process is carried out at high temperatures and requires high-energy input, which is costly.
Because acid pretreatment at high temperatures can easily result in corrosive conditions, the process requires specialized reaction vessels that are corrosion resistant. In addition, acid treatment generates inhibitors that must be removed, and as a result, downstream processing is costly (Chaturvedi and Verma, 2013) . In our L-lactic acid fermentation experiment, a simple pretreatment of banana peel was used without the need for strong acids. Limiting the use of strong acids is one way to reduce their corrosive effects, while the recycling of acids could lower the cost of pretreatment.
To the best of our knowledge, no studies on L-lactic acid production using banana peel with simple pretreatment by MPF (using A. awamori and B. licheniformis) has been reported to date.
We believe this eco-friendly work has valuable application for the utilization of such biomass substrates for L-lactic acid production.
L-Lactic acid production by B. licheniformis YN15 at 40 or 50℃ was almost the same level as that at 37℃ (unpublished data),
indicating that L-lactic acid production using B. licheniformis YN15 could be possible under non-controlled temperatures below 50℃. In this study, L-lactic acid production using banana peel by MPF was performed at 37℃. L-Lactic acid fermentation from unutilized biomass, such as banana peel in tropical countries, by MPF using B. licheniformis is attractive from an economic viewpoint.
Accurate calculation of the costs of L-lactic acid production by MPF using banana peel is difficult, because of fluctuations in various factors such as the countries and regions in which the production is implemented, labor costs, and so on. However, it can be presumed that the cost of L-lactic acid production by MPF using banana peel would not fundamentally differ from L-lactic acid production using other raw materials such as corncob and wood hydrolysate, aside from the costs for procurement of banana peel and its pretreatment. On the other hand, sufficient access to banana peel as a raw material could be achieved by collaboration with banana manufacturing companies, which consume banana as a raw material for producing banana chips, baked goods etc. For example, Indonesia is the sixth largest banana producer in the world and is home to many confectionary companies. Therefore, countries and regions producing banana products, such as Indonesia, would be appropriate for establishing a L-lactic acid production system using banana peel.
Conclusion
The Taguchi method using an L8 orthogonal array enabled us to analyze the influence of several factors and their interactions on L-lactic acid production from banana peel biomass substrate by MPF with B. licheniformis and A. awamori. Our data revealed that optimal L-lactic acid production by MPF from banana peel (28.01 g/L, optical purity 99.99%) was achieved using 10% banana peel, 0.5% potassium dihydrogen phosphate, 0.05% Tween 80, 0.1% magnesium sulfate heptahydrate, 0.1% sodium chloride, 1.5% yeast extract, and 0.2% ammonium sulfate. This result indicated that application of banana peel as an unutilized biomass substrate to MPF has high potential for L-lactic acid production. 
